Concrete and abstract words are thought to differ along several psycholinguistic variables, such as frequency and emotional content. Here, we consider another variable, semantic neighborhood density, which has received much less attention, likely because semantic neighborhoods of abstract words are difficult to measure. Using a corpus-based method that creates representations of words that emphasize featural information, the current investigation explores the relationship between neighborhood density and concreteness in a large set of English nouns. Two important observations emerge. First, semantic neighborhood density is higher for concrete than for abstract words, even when other variables are accounted for, especially for smaller neighborhood sizes. Second, the effects of semantic neighborhood density on behavior are different for concrete and abstract words. Lexical decision reaction times are fastest for words with sparse neighborhoods; however, this effect is stronger for concrete words than for abstract words. These results suggest that semantic neighborhood density plays a role in the cognitive and psycholinguistic differences between concrete and abstract words, and should be taken into account in studies involving lexical semantics. Furthermore, the pattern of results with the current feature-based neighborhood measure is very different from that with associatively defined neighborhoods, suggesting that these two methods should be treated as separate measures rather than two interchangeable measures of semantic neighborhoods.
Introduction
Traditionally, the study of conceptual processing has focused mainly on concrete nouns, whose perceptual properties are relatively easy to articulate and whose similarities tend to fall into well-defined categories. However, abstract concepts often fail to fit the same models as concrete entities, and they tend to differ from concrete words along several psycholinguistic variables. For example, abstract words tend to have higher emotional arousal (Newcombe, Campbell, Siakaluk, & Pexman, 2012; Vigliocco, Meteyard, Andrews, & Kousta, 2014; Zdrazilova & Pexman, 2013) . In concrete words, there is evidence that semantic neighborhood density plays an important role in behavior (Buchanan, Westbury, & Burgess, 2001; Mirman & Magnuson, 2008) ; however, measures of neighborhood density rely on calculating semantic similarity between concepts, which can be difficult to compare between abstract and concrete concepts because of their fundamentally different semantic organization (Dalla Volta, FabbriDestro, Gentilucci, & Avanzini, 2014) .
Most concrete concepts can be readily organized into categories, based on the perceptual and functional characteristics that overlap within a category (Cree & McRae, 2003) . In such a system, semantic similarity and neighborhood density can be measured by comparing manually collected lists of feature norms, e.g., ''cat" and ''dog" share the feature ''has a tail" (McRae, Cree, Seidenberg, & McNorgan, 2005; Pexman, Hargreaves, Siakaluk, Bodner, & Pope, 2008) . Abstract concepts, on the other hand, are more difficult to describe based on their semantic neighbors and features, leading to the assumption that abstract concepts are semantically ''impoverished" (Paivio, 2010; Plaut & Shallice, 1993) . However, abstract words arguably have rich meaning, even if their individual properties are difficult to describe using predicates such as 'is a', 'has', 'contains', 'is made of'; perhaps the variables of importance to abstract and concrete words are different. Abstract words are known to differ from concrete words in terms of the modality of semantic content associated with them. Concrete nouns tend to possess visual and/or motor characteristics, while abstract words tend to have more emotional content (Crutch, Troche, Reilly, & Ridgway, 2013) . Thus, the features of abstract words are not easily described using manual norm collection.
An alternative approach that uses corpus-based models, such as the Hyperspace Analogue to Language model (HAL; Burgess & http://dx.doi.org/10.1016/j.cognition.2017.08.004 0010-0277/Ó 2017 Elsevier B.V. All rights reserved.
